Time series photometry of 20 Cataclysmic Variables detected by the Catalina Real-time Transient Survey is presented. 14 of these systems have not been observed previously and only two have been examined in-depth. From the observations we determined 12 new orbital periods and independently found a further two. Eight of the CVs are eclipsing systems, five of which have eclipse depths of more than 0.9 mag. Included in the sample are six SU UMa systems (three of which show superhumps in our photometry), a polar (SSS1944-42) and one system (CSS1417-18) that displays an abnormally fast decline from outburst.
INTRODUCTION
We present the latest results of a photometric follow-up study of faint Cataclysmic Variable stars (CVs; see Warner 1995) mostly in the southern hemisphere. Specifically, in this paper we discuss the observations of 20 CVs identified by the Catalina Real-time Transient Survey (CRTS; see Drake et al. 2009 ).
This work forms part of a survey with the aim of characterising newly identified CVs, determining their orbital periods, searching for sub-orbital periodicities and selecting targets for in-depth studies on large telescopes and multiwavelength campaigns. In the previous papers in this series (see Woudt et al. 2012 and references therein), the focus was on faint nova remnants and CVs identified by the Sloan Digital Sky Survey (SDSS, e.g. Aihara et al. 2011) . Recently, it has shifted to CVs discovered by the CRTS (Woudt et al. 2012 ).
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The CRTS is a large scale transient survey that observes 30 000 deg 2 of the sky in search of transients (see Djorgovski et al. 2011) . They make use of data from the Catalina Sky Survey (Christensen et al. 2012) , which searches for Near-Earth Objects. The observing strategy is to observe a field four times at 10-minute intervals, then return to the field up to four times per lunation (Djorgovski et al. 2011) . Transients are detected by looking for variations of more than 2 mag in the V filter. As most of the fields have 7-to 8-year baselines and the CRTS can reach a depth of V ∼23 by co-adding images (although individual pointings reach V ∼19 to 21), a variety of transients are discovered. Amongst these are supernovae, blazars, flare stars and CVs.
As evidenced by the number of CVs the CRTS has detected -more than 1000 to date (September 2013) 1 -the CRTS is particularly efficient at finding them. This is for a number of reasons. For example, the magnitude variation cut-off limit of 2 mag, which was designed to restrict the number of artifacts and pulsating variables, is approximately the minimum amplitude of a dwarf nova outburst, so large numbers of Dwarf Novae (DNe) are detected. This range also ensures that the high inclination systems with deep eclipses are detected, as well as a number of magnetic systems that show high and low states. As the CRTS commonly reaches down to V ∼21, or fainter if the object has a high state brighter than this limit, it will find faint CVs such as the double degenerate AM CVn (AM Canum Venaticorum) systems. Also advantageous to our photometric follow-up study, is the excellent coverage in the southern hemisphere.
Follow-up observations on the objects identified by large scale surveys, such as the CRTS, are becoming increasingly necessary as existing projects continue to detect new transients and surveys such as the Large Synoptic Survey Telescope (LSST; Sweeney et al. 2009 ) are planned. On average, from 2008 to 2012 the CRTS detected 45 new CVs per quarter. For CVs, finding the orbital periods for a greater sample of systems is necessary for evolutionary studies (e.g. Gänsicke et al. 2009 ). Additionally, amongst the newly discovered CVs will be systems that need to be observed with larger telescopes (e.g., SALT: Woudt et al. 2010 ) and multiwavelength campaigns (e.g. CC Sculptoris: Woudt et al. 2012b) . Particularly important are the eclipsing systems, from which we can obtain system characteristics such as the mass ratio through eclipse deconvolution (Littlefair et al. 2008; Savoury et al. 2011) . Photometric surveys, such as the kind presented in this paper, help to identify these targets.
In this paper, in section 2 we describe the observing procedure, the instrumentation and the data reduction. The results of each of the individual CVs follow. Section 3 contains a summary and discussion of the results.
OBSERVATIONS
Differential photometry was performed using the University of Cape Town (UCT) CCD (O'Donoghue 1995) and the new Sutherland High-speed Optical Cameras (SHOC; Gulbis et al. 2011a , Coppejans et al. 2013 ) mounted on the 74-in and 40-in reflector telescopes of the South African Astronomical Observatory (SAAO).
For the first time in this series of papers, we have used the SHOC systems. Two instruments utilizing Andor iXon 888 cameras are available for use at the SAAO. The field of view is 2.85x2.85 arcmin 2 on the 40-in telescope and 1.29x1.29 arcmin 2 on the 74-in 2 , as compared to 1.23x1.82 arcmin 2 and 0.57x0.83 arcmin 2 on the UCT CCD. For these observations both the UCT CCD and SHOC were used in frame-transfer mode and SHOC was operated in 1MHz conventional mode with 2.4 preamplifier gain. No filters were used, but the data were calibrated to the Sloan r photometric system. Papers I to VI in this series used hot white dwarfs as calibration standards (Landolt 1992) , which gave V accurate to ∼0.1 mag (Woudt et al. 2012) . Using the survey archival data we compared the calibration offset using hot white dwarfs and those using SDSS photometry of comparison stars on the target field on nights when both 2 See http://shoc.saao.ac.za/ were available. Over the range g − r=0.2 to 1.0, it was found that there was a stable zero-point offset of 0.12±0.05 mag between V and SDSS r -which is consistent with the photometric transformation in Jester et al. (2005) . Subsequently, we calibrated our white light photometry to the r photometric system using SDSS stars on the target field that have g−r colours in the range 0.2-1.0. The calibration is accurate to ∼0.1 mag. In the cases where a suitable calibration star was not observed over the course of the evening, we applied the calibration determined for another night during the observing run. The runs calibrated in this way are labelled with a colon in the observing log ( Table 2) .
The observing procedure varies according to the behaviour of a given CV. A target is initially observed for a few hours (∼4 h). If the light curve shows modulation, then it is observed further over consecutive nights. If there are no modulations present or the CV appears to have a long orbital period (greater than 5 hours), then no further observations are taken as the telescope time can be spent more profitably. Longer-term monitoring (weeks to years) is carried out in order to reduce the error margin on orbital periods or to observe CVs in an alternate outburst state in order to obtain a superhump period, an orbital period or to examine Quasi-Periodic Oscillations (QPOs) and Dwarf Nova Oscillations (DNOs).
Data reductions were performed with the program Duphot for the UCT CCD (O'Donoghue 1995) and in IRAF (Tody 1986 ) using standard reduction routines for the SHOC observations.
Two different techniques were used to find periodicities (such as the orbital period) in the photometry. The CVs which had sinusoidal light curves were analyzed by Fourier Analysis using the Starlink Period package 3 . Those with non-sinusoidal light curves (e.g. the eclipsing systems) were analyzed by Phase Dispersion Minimization (PDM, Stellingwerf 1978) . The former technique has been explained in detail in previous papers in this series. Briefly, PDM determines the true period by folding the light curve on a series of test periods and determining which produces the least scatter. In order to quantify the scatter, each folded light curve is binned and the overall variance of all the bins is divided by the variance of the unbinned data. The result -the PDM statistic Θ -will be close to 1 for false periods and be small for true periods. A PDM periodogram will thus have local minima at the true periods (see for example Figure 2 ). Full details are given in Stellingwerf (1978) .
The distinction in treatment between the non-sinusoidal and sinusoidal systems is due to the fact that in attempting to fit sharp features by a series of sinusoids, Fourier Analysis spreads the power to harmonics of the period, thereby reducing the power of the fundamental. PDM does not suffer from this problem.
Unless otherwise stated, before the PDM periodogram or Fourier Transform (FT) is calculated, the individual runs are linearly detrended and mean-subtracted. This reduces the spurious noise at low frequencies introduced by observing the CV over the same airmass range over consecutive nights.
In order to determine an uncertainty on the peri-ods obtained from the FT, a sine-curve is fitted to the photometry using the FT period as an initial guess. By varying the period, a Markov Chain Monte Carlo Method (MCMC) -specifically the Metropolis Hastings algorithm (Metropolis et al. 1953 and Hastings 1970 ) -then samples the probability distribution of solutions. The median value and standard deviation of this distribution are then quoted as the period and uncertainty respectively. In cases where there are additional strong peaks in the FT, more than one sine-wave is fitted simultaneously. For those systems which have highly non-sinusoidal light curves, the uncertainty cannot be determined in this way. The uncertainty derived from PDM for these CVs is obtained by bootstrapping using the Monte Carlo Algorithm for case resampling (Efron 1979) . The sampling distribution for the period is estimated by creating new light curves by selecting N of the N data points (repetition is allowed) and performing PDM on each new sample. As is the case for the FT, the period and uncertainty given in this paper are the median and standard deviation of the bootstrap distribution.
A variety of other techniques are used to select the correct period from the FT/PDM periodogram and determine the reality of a peak. These include phase-folding, using the window function -which shows the aliasing structure introduced by sampling -and the Fisher randomisation test (Linnell Nemec & Nemec 1985) . In the latter, the amplitude values on the light curves are shuffled to create a large number of new light curves and FTs are calculated for each. The probability of a period being real and equal to the quoted value on the original FT is then determined by looking at the proportion of shuffled light curves that gave a higher peak at that frequency.
The observing log is given in Tab. 1. Each CRTS transient has an ID of the form CSS yymmdd:hhmmss±ddmmss. The first three letters indicate in which of the three component surveys it was discovered (CSS: Catalina Sky Survey, MLS: Mount Lemmon Survey and SSS: Siding Springs Survey, see Djorgovski et al. 2011) . The following six digits indicate the date on which it was classified. The Right Ascension and Declination follow the colon. In the observing log and the discussion the ID is abbreviated to the form CSS hhmm±dd.
CSS0116+09 (CSS081220:011614+092216)
CSS0116+09 was discovered by the CRTS on December 20, 2008 when it was observed in outburst at ∆V ∼3 mag. It has a counterpart in Data Release 8 of the Sloan Digital Sky Survey (SDSS, Aihara et al. (2011) ) with u=19.0, g=19.1 and r=19.0. Thorstensen & Skinner (2012) further observed it at B − V =0.24±0.06, V =18.89±0.02, V − I=0.64±0.03. Based on its colour, they confirmed its CRTS classification as a CV.
We caught CSS0116+09 on the decline from outburst in November 2010 and in quiescence on two further observing runs (see Tab. 1). The outburst light curves are given in Fig. 1 and show CSS0116+09 to be a deeply eclipsing system.
The PDM periodogram (see Fig. 2 ) of these observations together with those taken in quiescence a week later (S8033 and S8040), gives an orbital pe- 
Plot A of Fig. 3 shows the average light curve of S8033 and S8040 folded on the orbital period. The average of runs S8098 and S8100 is shown in Plot B of the figure. Unfortunately these runs were too far removed in time to reduce the uncertainty in Eq. 1. From S8040 to S8098, the uncertainty on the eclipse timing amounted to more than a period and so combining these runs would have introduced a cycle ambiguity.
The eclipse depth of the light curves ranges from 0.8 mag to 1.4 mag. It is at its minimum in outburst, when the accretion disc contributes a larger fraction of the light. This depth indicates that CSS0116+09 has an inclination of greater than approximately 70
• . 
CSS0411-09 (CSS091215:041134-090729)
The CRTS light curve 5 of CSS0411-09 has a number of high amplitude outbursts (up to 3.8 mag) over the 8-year baseline. No follow-up work had been undertaken on this object prior to this paper.
Based on our observations and the quoted CRTS quiescent magnitude of V =19.4, we observed the system during an outburst of more than 4 mag. The light curves (Fig. 4) show superhumps with amplitudes decreasing from approximately 0.5 to 0.3 mag over four days -indicating that this 5 http://nesssi.cacr.caltech.edu/catalina/AllCV.html was a superoutburst and that CSS0411-09 is of the SU UMa class.
The combined FT of runs S7891, S7893 and S7898 is shown in the upper panel of The FT of run S7898 (shown in Fig. 6 ), when CSS0411-09 started its descent towards quiescence (0.4 mag fainter than the previous observation two days earlier), shows a clear peak at 25.58±0.04 s with an amplitude of 4 mmag. The amplitude and frequency of this rapid optical modulation is typical of dwarf nova oscillations (see Warner 2004 ).
CSS0438+00 (CSS100218:043829+004016)
Over the course of the 6.5-year CRTS observations of CSS0438+00, three outbursts have been recorded. The first was observed at ∆V ∼2.5 mag above the quiescent magnitude (V =19.3) and the second, at ∆V ∼2 mag. It is within the SDSS survey area and was observed in quiescence at u=19.4, g=19.5 and r=19.4 mag. Fig. 7 gives light curves for the three observing runs we obtained for CSS0438+00. It shows an eclipse depth of Figure 7 . Light curves for CSS0438+00. Run S8050 was taken on the 74-in telescope with the UCT CCD. We observed this source under stable conditions only, as we were unable to fit a comparison star into the field-of-view and could not perform differential photometry. S8025 and S8050 are displaced vertically.
∼ 1 mag -indicative of a system with an inclination greater than approximately 70
• . The magnitude of the system, when out of eclipse, varies between orbits (for example, compare S8025 before and after phase 0). This type of variation is usually attributed to changes in the mass transfer rate from the secondary. In the combined PDM periodogram of S8022 and S8025 it produced a very high amplitude peak at 0.131 d. Prewhitening at this frequency gave an orbital period of 0.0657 d.
Taking the median and standard deviation of the bootstrapped sample as the orbital period and uncertainty, yields an ephemeris for minimum light of HJDmin = 2 455 529.45527 + 0.
Unfortunately S8050 could not be used to reduce the uncertainty on P orb . Over the 27 days between S8025 and S8050, the uncertainty on the orbital period accumulated to the point where there was a cycle ambiguity.
CSS0449-18 (CSS110114:044903-184129)
CSS0449-18 shows frequent outbursts in its CRTS light curve, despite the fact that it is not as well sampled as the other CSS systems. The quiescent magnitude is quoted at V =17.7 and the outbursts were captured up to 2.8 mag above quiescence. Our photometry was taken at close to minimum light. The light curves show orbital humps and rounded, shallow eclipses (see Fig. 8 ) that vary in profile from night to night. This indicates that it is likely that only the bright spot and part of the accretion disc were eclipsed.
From bootstrapping the PDM, we obtain an orbital period of P orb =0.15554±0.00004 d. The ephemeris for minimum light is HJDmin = 2 455 592.32760 + 0.
The average light curve is shown in Fig. 9 . Warner & Nather 1971), consequently the inclination angle should be similar to the ∼72
• estimated for U Gem by Unda-Sanzana, Marsh & Morales-Rueda (2006).
SSS0501-48 (SSS120112:050157-483901)
SSS0501-48 shows a variation in its quiescent magnitude in the CRTS light curve, ranging between V∼16.7 and 19 mag. Two outbursts were also recorded up to V∼15.3.
A substantial amount of flickering can be seen in our observations of SSS0501-48 (see Fig. 10 ), which could partly explain the scatter seen in the CRTS quiescent magnitudes. Despite the long length of the observing runs, the FTs did not show any periodic behaviour.
CSS0558+00 (CSS100114:055843+000626)
CSS0558+00 was discovered on January 14, 2010 during an outburst of approximately ∆V =2.4 mag. Two previous outbursts were also recorded in the CRTS archival data. It has a counterpart in the SDSS DR8 with u=20.6, g=20.3 and r=19.0. Spectroscopic follow-up observations were carried out by Thorstensen & Skinner (2012) , who observed it during an outburst that was not captured by the CRTS. The single spectrum they obtained was typical of a dwarf nova in outburst and showed weak, broad Hα line in emission. . Average binned light curve of the two longest runs on CSS0902-11, folded on the 6.62±0.01 h modulation detected by Thorstensen & Skinner (2012) . The data-length of the two runs, S7932 and S7934, were 5.1 h and 4.4 h respectively.
We observed this system during quiescence. Each of the runs showed flickering (see Fig. 11 ), which caused broad, low-amplitude peaks in the individual FTs. Figure 12 gives the FT and PDM periodogram for the four longest runs. Both contained a peak at 0.06809 d and at the first harmonic. A Fisher Randomization test on the fundamental gives a false alarm probability (FAP) lying between 0 and 0.01 with 95% confidence, that this period is not present in the data. It gives the same FAP that the period is not equal to the quoted value. These two results confirm that the 0.06809 d period is real.
Bootstrapping the PDM gives an orbital period of 0.06808(±1) d. Phasefolding the observations gives the ephemeris for maximum light as HJDmax = 2 455 539.4522 + 0.
2.7 CSS0902-11 (CSS090210:090210-113032)
The quiescent magnitude for CSS0902-11, as given by the CRTS, is V =17.5 mag. It was discovered on February 1, 2009 when it went into a 2.8 mag or higher outburst. Thorstensen & Skinner (2012) took time series spectroscopy of this CV, from which they estimated it to be at a distance of 1100(+350,-260) pc and have a secondary star of spectral type K7±1 and magnitude V∼18.5 . Additionally, based on the small velocity amplitude of the secondary (100±6 km s −1 ), they predicted that the system would not be eclipsing. This is confirmed by our photometry.
Their absorption spectra showed a clear 6.62±0.01 h modulation. Only two of our runs approached this length -at 5.1 and 4.4 h respectively. The combined FT gives a period of 3.3±0.1 h, half that of Thorstensen & Skinner's value. Phase-folding our two longest runs (S7932 and S7934) on the 6.62 h period (Fig. 13) shows that CSS0902-11 is a double hump system. Only one orbital hump was covered entirely in each of our two runs, which produced significant power in the FT at half the orbital period. In conclusion, our photometry is consistent with the 6.62 h orbital period detected by Thorstensen & Skinner (2012) .
CSS0942-19 (CSS090117:094252-193652)
The CRTS light curve for CSS0942-19 is sparsely sampled, but shows two outbursts with amplitudes of approximately 4 mag. Judging from the large amplitudes, these may have been superoutbursts. This system was also caught in outburst by the Palomar Quest Sky Survey (Djorgovski 2008) .
We observed CSS0942-19 in quiescence in May 2011 at V ∼ 19.5 (see Tab. 1) four months after the last recorded outburst by CRTS. The PDM periodogram of the combined runs on this object (see Fig. 14) , shows strong peaks at the orbital frequency (78.7±0.7 µHz) and at its first harmonic. Bootstrapping the PDM, we obtain an orbital period and ephemeris for maximum light of HJDmax = 2 455 693.2442 + 0.
The average light curve of CSS0942-19, folded on this ephemeris, is shown in Fig. 15 .
CSS1052-06 (CSS100408:105215-064326)
Since CSS1052-06 was detected by the CRTS on April 8, 2010, numerous outbursts of approximately ∆V =3 mag have been captured. No follow-up observations have been performed on it prior to this paper. During our first three observing runs (S7949, S7952 and S7955), CSS1052-06 was in superoutburst and superhumps were present (see Fig. 16 ). Three days later, during S7964, the system had returned to quiescence.
The FT and the PDM periodogram of the two long runs in superoutburst are given in Fig. 17 mate orbital period for this system is 0.0765±0.0005 d. The FT of the quiescent run S7964 did not show a peak at this period. This could be attributed to the large flickering in the light curve and the run length of less than two orbits.
SSS1128-34 (SSS110327:112815-344807)
The CRTS have detected multiple outbursts of SSS1128-34 since it was first observed in 2006. Their light curve gives an average quiescent magnitude of V ∼19, although the individual observations range from V ∼18 to V ∼19.8. This range is produced by the orbital variation, as shown in our photometry in Fig. 18 .
Each of the light curves show a clear double hump structure. The orbital hump of amplitude ∼0.4 mag at phase 1 is produced by the bright spot orbiting into and out of our line of sight. The smaller hump at phase 0.5 is probably produced by the bright spot shining through a semi-transparent disc.
During our initial run (S8091), SSS1128-34 was in qui- escence. The following day the system was 1.7 mag brighter and S8094 and S8095 were taken in outburst.
In the FT of the combined runs, the orbital period (0.096(±1) d) was chosen from two possible aliases of approximately equal height, based on the power of their respective first harmonics (see Fig. 19 ). The double hump structure produces large amounts of power at the first harmonic, so the ambiguity in the fundamental is removed because only one of the two likely orbital periods has a strong first harmonic. Only the mean, not the linear trend, was subtracted from these runs before calculating the FT, as removing the linear trend would greatly affect the shape of S8094 and S8095.
Using the Metropolis-Hastings algorithm to sample the period probability distribution (based on sine-curve fitting of the light curve), we get P orb =0.0985±0.0001 d. The period from the FT was used as the initial guess and the median and standard deviation are quoted as the period and uncertainty. The ephemeris for maximum light for these observations is HJDmax = 2 455 696.2785 ± 0.0985(±1)E ,
which places SSS1128-34 in the period gap.
2.11 CSS1221-10 (CSS080324:122100-102735)
The CRTS detected CSS1221-10 when it went into an outburst of magnitude ∆V ∼3.5 on March 24, 2008. It does not have a counterpart in the SDSS. As seen in Fig. 20 , CSS1221-10 has shallow eclipses with varying profiles reminiscent of those seen in CSS0449-18 (Fig. 8) . This indicates that the system has a low inclination and is showing grazing eclipses.
The first harmonic of the orbital period was clear in the PDM periodogram of the combined runs S8056, S8058, S8064, S8068, S8069 and S8071. The ephemeris for minimum light is HJDmin = 2 455 590.5743 + 0.
where the uncertainty on the orbital period was obtained by bootstrapping the results. Fig. 21 displays the folded average light curve of the observations. The eclipse depth is approximately 0.2 mag and the system shows an orbital hump.
SSS1224-41 (SSS120215:122443-410158)
The CRTS quiescent value for SSS1224-41 is V =19.1, but the light curve shows scatter between 17 and 20.6. This is due to outbursts and, as we see in our photometry, eclipses. We obtained five runs on SSS1224-41 over February and March 2012. The corresponding light curves, with their ∼0.6 mag eclipses, are shown in Fig. 22 . As it turns out, run S8182 was 142s short of a complete orbital cycle.
The PDM periodogram showed peaks at the orbital period (0.2537 d) and its first harmonic. Bootstrapping the results to refine the orbital period and determine the uncertainty, as well as phase-folding the observations, gave an ephemeris for minimum light of HJDmin = 2 455 986.5934 + 0.
SSS1340-35 (SSS120402:134015-350512)
SSS1224-41 has a quiescent magnitude of V ∼18.4 mag, but has a number of points that were taken at V 20. As shown by our photometry, these points were taken during eclipse. We obtained one run on SSS1340-35, which contained two eclipses of depth ∼0.9 mag (see Fig. 23 ). The corresponding PDM periodogram gives an orbital period of 0.059(±1) d, where the uncertainty was obtained by bootstrapping. The ephemeris for minimum light is HJDmin = 2 456 038.3492 + 0.
2.14 CSS1417-18 (CSS080425:141712-180328)
The CRTS detected one superoutburst of CSS1417-18 at V ≈15 -approximately 5 magnitudes higher than the SDSS DR8 quiescent magnitude of r=20.3. We obtained two sets of observations of this object, one in outburst at r=16.8 and one in quiescence at r=20. This outburst was not captured by the CRTS. All the observations are given in Fig. 24 . Consider first the quiescent light curves shown in the bottom panel. They show a clear orbital hump profile with a ∼0.2 mag amplitude. Using the highest amplitude peak in the FT as the initial guess for sine-curve fitting, the MCMC method produced a distribution of periods with median value 0.0845 d and standard deviation 0.0001 d, which we quote as the orbital period and uncertainty. The ephemeris for maximum light is HJDmax = 2 455 692.3254 + 0.
Now consider the two runs taken in outburst. S7992 did not show a modulation near the orbital period because, at r=16.8, the high disc luminosity overwhelmed all other variations. The gap in S7993, caused by passing cloud, was too large to pick up an orbital variation in this run.
In the one day separating S7992 and S7993, CSS1417-18 declined in magnitude by r=2 mag. In dwarf novae (DNe) the decline rate from outburst is related to the orbital period via equation 3.5 in Warner (1995) :
Using the 0.0845 d orbital period obtained from the quiescent runs, we would expect a decline rate of ∼0.96 mag d −1 , instead of the observed 2 mag d −1 . This value falls below the scatter on the plot of log(τ d ) versus log(P orb ) for DNe (see Figure 3 .11 of Warner (1995) ). Further observations of this system in decline are needed.
CSS1556-08 (CSS090321:155631-080440)
CSS1556-08 is listed as V =18.4 by the CRTS. On January 31, 2011, Thorstensen & Skinner (2012) took two spectra of it showing broad Hα and Hβ lines in emission. In March 2012 it went into superoutburst at V≈15.3 mag, which was observed by Ohshima (2012) , Ohshima (2012b) and (the system is refered to as OT J155631.0-080440). Ohshima (2012) gave an initial value for the superhump pe- riod as 0.1 d, which was then refined to 0.08933±0.00006 d by Ohshima (2012b) . determined the superhump period to be 0.089309±0.000053 d. The average profile phased on this period is shown in figure 70 of .
Our photometry of CSS1556-8 includes one run in outburst (S8078) and two in quiescence (S8086 and S8081) -it is shown in Fig. 25 .
Using equation 1 from Gänsicke et al. (2009) and the 0.089309±0.000053 d superhump period from , gives an estimate for the orbital period as 0.0856±0.0006 d. Although this period is present in the FTs of S8078 and of S8081 and S8086 combined, it is not the highest power alias and does not have any high power harmonics.
CSS1727+13 (CSS090929:172734+130513)
The CRTS quiescent magnitude for CSS1727+13 is listed as V =19.5, but is probably lower because many of the observations only yielded upper limits -most of them at V ∼20.3. Thorstensen & Skinner (2012) observed this object spectroscopically. Based on the FWHM of the Hα line (1200 km s −1 ), they concluded that CSS1727+13 has an intermediate inclination. Our light curves (Fig. 26) show flickering, but the FT and PDM of the combined runs only show low amplitude, broad peaks.
SSS1944-42 (SSS100805:194428-420209)
The ∼7-year long CRTS light curve for SSS1944-42 shows two low states and a high state lasting from August 2009 to June 2011; no outbursts have been captured. This behaviour is typical of a magnetic system and the absence of outbursts indicates that it may be a polar. Our observations were taken during the high state.
Only the mean of each of the individual runs was subtracted, not the linear trend. The PDM periodogram of the combined runs has a peak at the orbital period (0.063855 d). Bootstrapping yields P orb =0.06385±0.00002 d. The ephemeris for maximum light for this system is HJDmax = 2 455 693.6148 + 0. -28 (SSS100615:200331-284941) Over the course of the CRTS observations (from April 2005 to September 2012), only one outburst has been recorded for this object. It occurred on the 15th of June 2010, when the system rose to V =15.4 from the listed quiescent value of V =18.8. On the 16th of May 2011, we caught this system in an outburst that was not captured by the CRTS. This run (S8096), as well as the quiescent run taken two days previously, are both displayed in Fig. 28 . The photometry shows eclipses of depth r ∼1.9, indicating an inclination of greater than approximately 70
SSS2003
• . The ephemeris for the time of mid-eclipse for these observations is HJDmin = 2 455 696.6236 + 0.
where the orbital period and uncertainty were obtained by bootstrapping the PDM.
CSS2054-19 (CSS090829:205408-194027)
Since the detection of CSS2054-19 on the 29th of August 2009, numerous outbursts have been captured by the CRTS, the highest amplitude being ∆V =3.5 above the quoted quiescent value. The large amplitudes indicated that this may be an SU UMa system. Our observations confirm this. The photometry (Fig. 29) shows superhumps of amplitude ∼0.2 mag, indicating that CSS2054-19 was in superoutburst. The FT of the combined runs on this object gave two possible aliases for the superhump period, namely 0.096±0.001 d and 0.0872±0.0009 d, where the former was marginally higher. The corresponding PDM periodogram gave the same results (see Fig. 30 ). Bootstrapping the PDM produced a peak at both aliases. The first peak, at 0.09598±0.00008 d, accounted for 88.5% of the data points, while the second peak (at 0.08752±0.00008 d) accounted for the remainder. Based on these results, we have a preference for the 0.09598±0.00008 d period, but can't exclude the one day alias.
Using . Light curves for CSS2108-03 folded on the ephemeris given in Eq. 14. The shortest run (S8113) is not shown. S8109 and S8111 have been shifted by 1.6 and 3 mag for display purposes.
CSS2108-03 (CSS110513:210846-035031)
The CRTS light curve for CSS2108-03 gives the quiescent magnitude as V =18 and its highest amplitude outburst at V =14.9. Its counterpart in the SDSS DR8 was observed in quiescence at u=18.7, g=18.6 and r=18 (Aihara et al. 2011) . The CRTS light curve for this object gives strong indications that it is an eclipsing system, as it has a number of points that are found more than a magnitude below quiescence. The faintest point is an upper-limit for detection at V =20.7. Photometry on CSS2108-03 confirms this, showing deep eclipses and large amplitude flickering (see Fig. 31 ). observed this system photometrically and determined an orbital period of 0.156926798(±9) d. Independently we determined an orbital period of 0.15699(±5) d by bootstrapping the PDM of runs S8107, S8109 and S8111 combined. The ephemeris of minimum light for our observations is HJDmin = 2 455 846.3725 + 0.
The average of the runs folded on this ephemeris is presented in Fig. 32 . It has an eclipse depth of ∼1.5 mag. Figure 32 . Average, binned light curve for CSS2108-03, folded on the ephemeris given in Eq. 14. The eclipse depth is ∼1.5 mag.
DISCUSSION AND CONCLUSIONS
We observed 20 CVs identified by the CRTS with the aim of classifying them, determining orbital periods and selecting targets for further observations with large telescopes. Of these 20 systems, only 6 have been observed prior to this work. Four systems were confirmed to be CVs by means of spectra and standardized photometry and a superhump period was determined for one of these (CSS1556-08, ). CSS0902-11 has been followed-up in detail with time-series spectroscopy (Thorstensen & Skinner 2012 ) and CSS2108-03 was observed photometrically by . The results are summarised in Tab. 2. We determined 12 new orbital periods and independently discovered periods for a further two CVs, namely CSS0902-11 and CSS2108-03. For three of the systems (CSS0411-09, CSS1052-06 and CSS2054-19), we determined superhump periods. CSS1556-08 had a pre-determined superhump period (Ohshima 2012b and ), but we could not determine an orbital period from our photometry. The remaining 2 CVs did not show any periodic modulations.
Most of the CVs were DNe systems. This is as we should expect, as the CRTS identifies transients based on their variability. There was also a polar in the sample (SSS1944-42), that was picked up by the CRTS because it showed high and low states that differed by more than a magnitude.
The orbital periods of these CVs fall predominantly below the period gap (see Knigge 2006 and Knigge, Baraffe & Patterson 2011) , but there were two within the gap (SSS1128-34 and possibly CSS2054-19) and six above it. The predominance of CVs with periods below the period gap in the CRTS dataset is not fully explained. Thorstensen & Skinner (2012) discussed this bias. They compared the cumulative distribution functions of the outburst amplitudes of the CRTS CVs and those in the survey region that were listed in RKcat (Ritter & Kolb 2003) that were not detected by the CRTS. They found that the CRTS shows a bias against low amplitude outbursts up to 6 mag. CVs with larger outburst amplitudes spend more time above the 2 mag cut-off limit that the CRTS employs and are thus more likely to be detected. Furthermore, they plotted the outburst amplitude versus the orbital period for CVs within the CRTS footprint (values from RKCat) and found a trend for short period DNe to have larger outbursts. Combined, these two findings indicate that there is a bias in the CRTS towards shorter period systems (Thorstensen & Skinner 2012) . Eight of the CVs in this sample were eclipsing systems. As mentioned in Section 2, the long-term CRTS light curves of the deeply eclipsing systems sometimes give indications of the eclipses. As each field is observed three times at 10-min intervals, it is possible that one or two of the observations are taken in eclipse. If it is sufficiently deep, these points can show up on the long-term light curve at a magnitude or more below the quiescent level. Of the five systems with eclipse depths of more than 0.9 mag in our sample, four showed these characteristics.
A number of the CVs presented in this paper provide promising targets for more in-depth studies with larger telescopes -such as the eclipsing systems (CSS0116+09, CSS0438+00, CSS0449-18, CSS1221-10, SSS1224-41, SSS1340-35, SSS2003-28 and CSS2108-03), which through eclipse deconvolution can yield parameters such as the inclination and mass ratio. CSS1417-18 shows an unusually fast decline from outburst. The new orbital periods will also contribute towards population and evolutionary studies.
